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A FRONT BITER FOR THE 200 MeV PROTON BEAM: PRELIMINARY CONSIDERATIONS 

I f  i t  becomes d e s i r a b l e  t o  dump t h e  f i r s t  few microseconds of t h e  

200 microseoond l i n a c  beam, some s o r t  of f a s t  angular  d e f l e c t i o n  of t h e  beam 

i s  necessary.  Ca lcu la t ions  on t h i s  sub jec t  by W.H. Moore , show t h a t  a . 1 

4 convenient s p o t  t o  s i t u a t e  t h i s  "kicker" would be between quadrupoles Q 

and Q i n  t h e  200 MeV t r a n s p o r t  l i n e ,  a l lowing t h e  beam t o  d r i f t  through 

Q5 and d i s s i p a t e  i n  an  absorber  j u s t  upstream of Q 

t h e  c e n t e r s  of quadrupoles Q and Q i s  4 meters. The quadrupoles are 

about 50 cent imeters  long. The end of t h e  d e f l e c t i o n  system should be 

5 
The d i s t a n c e  between 6' 

4 5 

separa ted  from t h e  quadrupole by a reasonable  d i s t a n c e ,  say,  20 cent imeters .  

If w e  a l low 2.5 meters f o r  t h e  k i cke r  and l o c a t e  i t  as shown i n  F igure  l a ,  

then  t h e  beam w i l l  d r i f t  about 70 Centimeters t o  t h e  end of Q, a f t e r  leav ing  

t h e  end of t h e  k i c k e r  d e f l e c t i o n  system. A 3 inch  beam pipe w i l l  be  used 

through Q, and thus  t h e  beam must not  be allowed t o  scrape  on t h i s  ape r tu re .  

(See F igu re  lb ) .  For  t h e  simple geometry shown (and neg lec t ing  t h e  ver t ica l  

movement of t h e  beam caused by Q 

reasonable  guess f o r  Yexit i s  2.4 cent imeters .  

over  t h e  l eng th  of Q5) w e  see t h a t  a 5 

Now - - 
'exit 

where c y =  
a =  
b =  

CY[ ;+b]  

Angle of Def l ec t ion  
Length of Def l ec t ion  F i e l d  
D r i f t  Length 
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= 12.3 mrad exi t  - 2.40 x P 
- t hen  

c y =  - 2*5  + .7 
2 

MAGNETIC DEFLECTION 

From t h e  equat ion  f o r  t h e  f o r c e  on a p a r t i c l e  i n  a magnetic f i e l d  
d 4 4 

F = e v  x B  

and t h e  small ang le  approximation 

a=-- R 
P 

it i s  e a s i l y  shown t h a t  

Fo r  protons a t  200 MeV, 

and B R  
2.15 a =  

I f  w e  now s p e c i f y  = 12.3 mrad and 4 = 2.5 m, then  

B = 2.15 x 12.3 x lom3 

B = 106 gauss 

Considering a picture-frame magnet of high-mu f e r r i t e ,  f o r  a s i n g l e  tu rn :  

I =  2.L 
PJO 

where g i s  t h e  gap. Allowing g = 5.0 cm.' 

= 422 amps 106 x 1om4)(5 x 
12.57 x 

I =(  

a l s o  

~ O N ~ A  L =  
g 

and f o r  a 5.0 cm width,  w i th  one t u r n ,  

L = 3.14 uh 
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A - r i s e t i m e  ( t o  w i t h i n  1% of f i n a l  va lue)  of .5 microseconds r e q u i r e s  

a t i m e  cons tan t  of .1 microseconds i n  t h e  case of a simple RL c i r c u i t .  

Allowing f o r  some s t r a y  inductance 

= 40 ohms L 4 x R =  - =  
.1 x 

The v o l t a g e  requi red  f o r ,  say,  450 amps i s  BkV. The peak Power i s  

p = 450 x 18 x lo3 = 8.1 Mw ' 

Pk 

To d e l i v e r  t h i s  power f o r  some 10 microseconds w i l l  r e q u i r e  e i t h e r  a PFN o r  

some s t o r a g e  capac i ty .  I f  a capac i to r  i s  used and w e  a l low a 1% droop; 

- 450 x = 2.5 10-5 = 25 ,,,f i A t  c = -  - 
AV 180 

While t h i s  va lue  of capac i ty  i s  s t i l l  reasonable ,  any c i r c u i t  used as a 

s i m p l e  on-off switch w i l l  s t i l l  need a commutation c i r c u i t  f o r  t u r n  o f f ,  

wi th  a t t enden t  complexi t ies ,  and increased  s t r a y  inductance.  

I f  a PFN i s  used , the  de lay  t i m e  must be  a t  least 5 microseconds, l ead ing  t o  

a 10 microsecond pulse .  I f  t h e  maximum des i r ed  risetime i s  .5 microseconds, 

t h e  td/tr = 10. The number of s e c t i o n s ,  n, where 

[ t d j t r  ] 3/2 

i s  equal  t o  32 f o r  our  parameters. A reasonable  impedance i s  50 ohms, lead ing  

t o  
V = (450 )  (50) = 22.5 Kv 

I n  p r a c t i c e ,  t h e  r isetime i s  a l s o  inf luenced  by t h e  L/R 0 t i m e  cons t an t  of 

t h e  magnet and te rmina t ion ,  and t h i n g s  such as PFN impedance, vo l t age  and 

c u r r e n t  must be  t raded  of f  f o r  t h e  b e s t  compromise. 

t h e  c u r r e n t  s i n c e  t h e  magnet may be cons t ruc ted  

several s e c t i o n s  magnet ical ly  i n  series and e l e c t r i c a l l y  i n  parallel';, 

It i s  poss ib l e  t o  change 

2 i n  such a way as t o  have 
, I  e . 
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ELECTROSTATIC DEFLECT I O N  

I f  w e  cons ider  two paral le l  p l a t e s  wi th  a dc L i e  1 between them, 

then  t h e  problem i s  much t h e  same as t h a t  f o r  an  e l e c t r o s t a t i c  cathode ray  

tube .  

L e t  E = e l e c t r i c  f i e l d  i n  t h e  t r a n s v e r s e  (y) d i r e c t i o n  
Y 

Y 
v = t r a n s v e r s e  component of par t ic le  v e l o c i t y  

Then 
dPY 

eEY 
- =  

d t  

PY' = JeEydt = e E y t  (Pyo = 0 )  

e = -  
Y m E ~ t  V 

Q = A- f o r  s m a l l  angles .  and 
R 

e 
2 2 EYA a =  Then 

Ym,B c 
- 19 1.6 x 10 

3 - - 
8 2  

e 

YmoB c 
For  200 MeV protons,  

1.21  x .91 x 10-30x (.566)2(3 x 10 ) x 1.84 x 10 

= .274 x 10-8 

-8 
01 = .274 x 10 EyA 

I n  our case, 
= 1.8 Mv/m 

= 18 Kv/cm 

- 12.3 

.274 x lo-' x 2.5 EY - 

For a 5.0 c m  gap, 

V = Eyg = (18)(5.0) = 90 Kv 
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This  appears  t o  be a reasonable  number. The c i r c u i t s  t o  be used a l low f o r  

some v a r i a t i o n s :  One would have two p la tes  charged t o  t 45 kV, which d e f l e c t  

t h a t  p o r t i o n  of t h e  beam which i s  t o  be  dumped. When t h e  beam hash has  

passed, a sparkgap o r  t h y r a t r o n  f i r e s  and d ischarges  t h e  e l e c t r i c  f i e l d  

a l lowing t h e  rest of t h e  200 microsecond beam t o  p a s s  through t h e  t r a n s p o r t  

channel.  It i s  a l s o  poss ib l e ,  of course ,  t o  ground one p l a t e  and charge 

t h e  o t h e r  t o  90 kV. I f  w e  cons ider  t h e  symmetrical o r  push-pull  d r iven  

system and a l low t h e  h o r i z o n t a l  width of t h e  p la tes  t o  be  30 cent imeters  

t hen  t h e  capac i ty  t o  ground of each p l a t e  t u r n s  out  t o  be approximately 

120 p f .  F igu re  2 shows a poss ib l e  o v e r a l l  schematic of t h e  e l e c t r o s t a t i c  

system us ing  spark-gaps as d ischarge  devices .  A 52 ohm r e s i s t o r  i s  used 

i n  series wi th  t h e  gap t o  l i m i t  t h e  c u r r e n t  due t o  d ischarg ing  t h e  RG/19 

cable .  It w i l l  l i m i t  t h e  c u r r e n t  t o  about  1000 amperes peak, and a l s o  pro- 

vides a te rmina t ion  of s o r t s  f o r  t h e  cab le .  I f  t h e  power supply i s  i n s t a l l e d  

i n  t h e  end of t h e  l i n a c  bu i ld ing  as planned a t  p re sen t ,  t h e r e  w i l l  be  approxi-  

mately 130 f o o t  of cab le  between t h e  power supply and t h e  p l a t e s .  The spark 

gaps w i l l  be  loca ted  as near  t h e  p l a t e s  as poss ib l e  t o  g ive  t h e  minimum 

risetime and maximum r ing ing  frequency. 

4,000 picofarads .  A series r e s i s t o r  of 12.5 megohms w i l l  be added, making 

t h e  t i m e  cons tan t  of vo l t age  r ise  a t  t h e  p l a t e s  50 mi l l i seconds .  

The capac i ty  of t h e  c a b l e  i s  about 

Th i s  a l lows 

t e n  t i m e  cons t an t s  between pu l ses  a t  a maximum of 2 p p s  through t h e  t r a n s p o r t  

channel.  I f  t h e  gap i s  f i r e d  a t  t h e  beginning of t h e  200 microsecond beam 

it w i l l  r echarge  t o  

O 2 O 0  x 100% = 0.4% 
50 

a t  t h e  end of 200 microseconds. 

t h e  e f f e c t  of smearing t h e  ver t ica l  phase space p i c t u r e  by 

This  s l i g h t l y  inc reas ing  f i e l d  w i l l  have 

12.3  x x .004 = 49.2 microradians 

This  appears  t o  be a reasonable  amount when compared wi th  t h e  4 m i l l i r a d i a n s  

of t o t a l  v e r t i c a l  a n g u l a r i t y  es t imated  by B i l l  Moore. 
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SYSTEM CONSIDERATIONS 

From t h e  above cons ide ra t ions  i t  would seem t h a t  a n  e l e c t r o s t a t i c  

system i s  t o  be  p re fe r r ed  from a s tandpoin t  of c o s t  and s i m p l i c i t y .  It does 

no t  r e q u i r e  any pu l se  forming networks o r  a l a r g e  energy s t o r a g e  components. 

I n  a d d i t i o n ,  t h e  average power of t h e  e l e c t r o s t a t i c  system i s  lower than  

t h a t  of a magnetic system. For  t h e  e l e c t r o s t a t i c  case  t h e  energy l o s t  p e r  

cyc le  i s  simply 

1 2  -cv  = 2 

I n  t h e  magnetic 

forming network 

t h e  energy s to red  i n  t h e  c a b l e  capac i ty ,  t h a t  i s  

4 2  
= 8.1 j o u l e s  (2  cab le s )  8 1omgX (4.5 ,x LO 

2 

c a s e  w e  must cons ider  t h e  power l o s t  i n  t h e  50 ohm pu l se  

te rmina t  ion .  NOW 

2 
dE = pdt  3” I R A t  = (422)2 x 50 x 

= 89 j o u l e s  

If c a p a c i t o r  s t o r a g e  i s  used, t h e  energy is  81 jou le s .  

Although a spark  gap has  been shown he re ,  no a t tempt  i s  made t o  

preclude use  of a thy ra t ron .  

devices  of t h i s  s o r t  i s  t h e i r  a b i l i t y  t o  opera te  over  wide ranges of anode 

vo l t age .  

operable  only over a range of about 35% t o  80% of i t s  maximum r a t e d  s t a t i c  

breakdown. I n  t h i s  a p p l i c a t i o n ,  however, t h i s  i s  of l i t t l e  importance and 

an  a d j u s t a b l e  range of 2 10% should be adequate.  

r e l i a b i l i t y  s tandpoin t  it would a l s o  seem d e s i r a b l e  t o  e l imina te  components 

a s soc ia t ed  wi th  t h e  t h y r a t r o n  such as f i lament  t ransformers  and r e s e r v i o r  

supp l i e s .  

would have t o  have i t s  cathode a t  h igh  volltage p o t e n t i a l  and i t s  anode 

a t  ground. Th i s  n e c e s s i t a t e s  f l o a t i n g  t h e  f i lament  system. I n  t h e  case  

of a spark  gap t h e r e  i s  a d e f i n i t e  p re fe r r ed  cathode-anode conf igu ra t ion  

and thus  t h e  t r i g g e r  t ransformer secondary f o r  one p l a t e  must be  f l o a t e d ,  

The c o s t  d i f f e r e n c e  between a t h y r a t r o n  and spark  gap i s  about 4 t o  1 wi th  

One reason  t h y r a t r o n s  have been used i n  

The sea l ed ,  g a s - f i l l e d  o r  vacuum spark gap considered h e r e  i s  

From an engineer ing and 

I f  one uses  t h e  push-ipull scheme shown i n  F igu re  2,  one thy ra t ron  
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a t y p i c a l  60 k i l o v o l t  spark gap c o s t i n g  about $400.00. 

t o  be considered i s  t h e  u s e f u l  l i f e  of a spark gap i n  t h i s  t ype  of s e r v i c e .  

Although p r imar i ly  designed f o r  crowbar 

handled on a n  intermitt&t b a s i s ,  people a t  BNL have had good success  

A f i n a l  ques t ion  

3 s e r v i c e  where heavy c u r r e n t s  are 

a 

us ing  a sea l ed  spark gap i n  a repet i t ive type  s i t u a t i o n ,  provided t h a t  

c u r r e n t  l i m i t i n g  i s  used.4 I n  t h e  event  t h a t  a dec i s ion  i s  made t o  

cons t ruc t  t h i s  device ,  it would s t i l l  seem prudent t o  run  some acce le ra t ed  

l i f e  tests a t  d e s i g n v o l t a g e  and c u r r e n t .  

REFERENCE : 

1. W.H. Moore, "Extract ion and Disposal  of a Short  Pulse  from t h e  Primary 

200 MeV Proton Beam,"  AGSCD Technica l  Note No. 106, A p r i l  18, 1969. 

2. E.B. Forsy th ,  "The F a s t  Kicker of t h e  AGS Ex t s rna l  B e a m  System," 

Acce lera tor  Department (AGS) I n t e r n a l  Report  EBF-3, October 27, 1964. 

3 .  A. Michaelson and H.N. P r i c e ,  "Triggered Vacuum Gaps as Energy Diverters 

i n  E l e c t r o n i c  Equipment," Proc.  of t h e  10th  Modulator Symposium, 

May 21,  1968. 

4. J .G.  Cottingham, private communication. 

Distr. 
Department Adminis t ra t ion  

' J. Claus 
J .G. Cottingham 
E. DeVito 
J.J. G r i s o l i  
C. Lasky 
W. Moore 
Th. S l u y t e r s  



e 

-8- 

e
 

a 
r
l 

w
 

c4 s H F4 



-9- 

w
 a 

0
 

0
 

0
 

-rf 

u
 a

,
 

--lib 


